Depression and exaggerated cardiovascular reactivity are considered risk factors for cardiovascular disease, possibly as a result of common antecedents, such as altered autonomic nervous system function. We examined the association between depressive symptomatology and cardiovascular reactions to psychological stress in 1608 adults (875 women) comprising three distinct age cohorts: 24-, 44-, and 63-year olds. Depression was assessed using the Hospital Anxiety and Depression Scale. Blood pressure and heart rate were measured at baseline and during the paced auditory serial arithmetic test.
Post-print, not final published version. Cite this article as: Carroll, D., . Symptoms of depression and cardiovascular reactions to acute psychological stress: Evidence from a population study. Biological Psychology, 75, 68-74. http://dx.doi.org/10.1016 Psychology, 75, 68-74. http://dx.doi.org/10. /j.biopsycho.2006 At the end of the session, participants undertook an acute psychological challenge: the paced auditory serial addition test (PASAT), which has been shown in numerous studies to reliably perturb the cardiovascular system (Winzer, Ring, Carroll, Willemsen, Drayson, & Kendall, 1999) and to demonstrate good test-retest reliability (Willemsen, Ring, Carroll, Evans, Clow, & Hucklebridge, 1998) . Participants were presented with a series of single digit numbers by audiotape and requested to add sequential number pairs while retaining the second of the pair in memory for addition to the next number presented, and so on throughout the series. Answers were given orally and, if participants faltered, they were instructed to recommence with the next number pair. The correctness of answers was recorded as a measure of performance. The first sequence of 30 numbers was presented at a rate of one every four seconds, and the second sequence of 30 at one every two seconds. The whole task took three minutes, two minutes for the slower sequence and one minute for the faster sequence. Only participants who registered a score on the PASAT were included in the analyses. Out of a possible score of 60, the median score was 45 (Inter-quartile range = 11).
Systolic blood pressure (SBP), diastolic blood pressure (DBP), and heart rate (HR) were determined by an Omron (model 705CP) sphygmomanometer. This is one of the semiautomatic blood pressure measuring devices recommended by the European Society of Hypertension (O'Brien, Waeber, Parati, Staessen, & Myers, 2001 ). Following interview, (which took at least an hour), there was then a formal 5-minute period of relaxed sitting, at the end of which a resting baseline reading of SBP, DBP, and HR was taken. Task instructions were then given and the participant allowed a brief practice to ensure that they understood task requirements. Two further SBP, DBP, and HR readings were taken during the task, the first initiated 20 seconds into the task (during the slower sequence of numbers), and the second initiated 110 seconds later (at the same point during the fast sequence). For all readings, the nurses ensured that the participant's elbow and forearm rested comfortably on a table at heart level. The two task readings were averaged and the resting baseline value subsequently subtracted from the resultant average task value to yield reactivity measures for SBP, DBP, and HR for each participant.
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Statistical analyses
Given the sizeable co-variation between depression and anxiety scores, r (1600) = .60, p < .001, analyses focused primarily on depression. This high co-variation is a common finding; the mean correlation between depression and anxiety from 18 studies, with a combined N = 8160, was reported to be 0.63 (Herrmann, 1997) . The main analyses testing the association between depression and cardiovascular reactivity applied multiple linear regression; reactivity was the dependent variable throughout. In the first models tested, various likely covariates of reactivity, cohort, sex, household occupational condition, body mass index, performance score on the PASAT, and baseline cardiovascular levels, were entered at step 1. Depression score was then entered at step 2. In the second set of models tested, the same variables were entered at step 1, but medication status (taking or not taking antidepressives or anxiolytics) was entered at step 2, with depression now entered at step 3. Analogous analyses were conducted for anxiety, but will only be reported summarily. Data on anxiety was lost for six participants and this is reflected in the slightly reduced degrees of freedom on occasion.
Results

Sociodemographics and depression
The mean depression score for the sample as a whole was 3.65 (SD = 2.86); the analogous summary statistic for anxiety was 7.19 (SD = 3.81). ANOVA yielded main effects for all three independent varables: the older two cohorts recorded higher depression scores than the youngest cohort, F (2,1591) = 14.61, p < .001, η 2 = .018; women displayed higher scores than men, F (1,1591) = 7.63, p = .006, η 2 = .005; those from manual occupational households had higher scores than those from non-manual households, F (1,1591) = 7.10, p = .008, η 2 = .004. The summary statistics are presented in Table 1 .
[Insert Table 1 about here]
Cardiovascular reactions to acute psychological stress
These data are summarized in Table 2 . Two-way (baseline × task) repeated measures 004; HR reactivity declined with age and was greater in those from non-manual households. The summary data are presented in Table 3 . In all these analyses, baseline cardiovascular levels exerted significant effects on the dependent variables: F(1,1589) = 115.55 to 194.95, p < .001, η 2 = .080 to .109. In the case of SBP and HR reactivity, PASAT score also had an influence: F(1,1589) = 30.19, p < .001, η 2 =
.019 and F(1,1589) = 57.27, p < .001, η 2 = .035, respectively.
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Depression and cardiovascular reactivity
The bivariate associations between depression and anxiety, and cardiovascular reactivity are displayed in Table 4 . Negative associations were observed between depression and anxiety, and SBP and HR reactivity: the higher the depression or anxiety score, the lower the reactivity. Subsequent hierarchical linear regression analyses, adjusting for cohort, sex, household occupational status, body mass index, performance score on the PASAT, and baseline cardiovascular levels, confirmed a negative association between SBP reactivity and HADS depression scores. A similar negative association emerged for HR reactivity and depression. The relevant statistics for these models are summarized in Table 5 . In these multivariate analyses, HADS anxiety scores predicted only HR reactivity; again the relationship was a negative one, β = -.04, t = 2.02, contribution to R 2 = .002, p = .04. Only 71 (4%) and 46 (3%) of the sample reported taking reported taking antidepressives and anxiolytics. The negative associations between depressive symptomatology and cardiovascular reactivity were not attenuated following subsequent additional adjustment for whether or not participant were taking antidepressive medication, β = -.06, t = 2.43, contribution to R 2 = .003, p = .02 for SBP reactivity, and β = -.05, t = 2.02, contribution to R 2 = .002, p = .04 for HR reactivity, respectively: nor, in the case of SBP reactivity, following further adjustment for the cohort × sex and cohort × occupational status interactions, β = -.06, t = 2.47, contribution to R 2 = .003, p = .01.
However, with additional adjustment for whether or not participants reported taking anxiolytics, the association between HADS anxiety score and HR reactivity became marginally significant, β = -.05, t = 1.93, contribution to R 2 = .002, p = .05. One hundred and forty four (9%) of the sample reported taking antihypertensive medication.
The associations between depression and reactivity were also not attenuated with further adjustment for antihypertensive use; for SBP reactivity, β = -.06, t = 2.53, contribution to R 2 = .004, p = .01 and for HR reactivity, β = -.05, t = 2.00, contribution to R 2 = .002, p = .04.
[Insert Finally, a cut-off of ≥ 8 on the depression subscale of the HADS was employed as an indicator of possible pathology (Zigmond & Snaith, 1983) . ANOVA revealed that those with probable pathology (N = 180) had marginally lower SBP reactivity, mean = 10.1, SD = 11.75 mmHg than without prima facie evidence of pathology, mean = 11.7, SD = 11.71 mmHg, F (1,1606) = 3.01, p = .08, η 2 = .002, and significantly lower HR reactivity, mean = 6.3, SD = 9.09 versus mean = 8.4, SD = 9.89 bpm, F (1,1606) = 7.45, p = .006, η 2 = .005.
Discussion
The mean HADS depression and anxiety scores for participants in the present study are broadly similar to those reported by others in large non-clinical adult samples (Crawford . Blood pressure reactivity increased with age whereas HR reactivity decreased. Men tended to be more reactive than women and those from manual occupational households were less reactive that those from non-manual households. This latter result runs contrary to the notion that those from lower socioeconomic strata, who are at increased risk of cardiovascular disease (Hein, Suadicani, & Gyntelberg, 1992; Marmot, Shipley, & Rose, 1984; Rosengreen, Wedel, & Wilhelmsen, 1988) , will exhibit more detrimental cardiovascular adaptations to stress exposure (Strike & Steptoe, 2004) . It very much in line, however, with results from an earlier analysis of cardiovascular reactivity in a substantial occupational cohort; the magnitude of SBP reactions to an acute mental stress task was positively associated with occupational status among public servants (Carroll, Davey Smith, Sheffield, Shipley, & Marmot, 1997) .
The major aim of the present analyses was to examine the relationship between symptoms of depression and cardiovascular reactions to acute psychological stress.
HADS depression scores were negatively associated with both SBP and HR reactivity.
Those with higher symptom levels that exhibit reduced reactivity of parameters presumed to reflect sympathetic nervous system activation. That the associations appeared for SBP and HR, but not DBP, reactivity implicates cardiac rather than vascular activation. The present associations, although statistically significant, were small in size. Nevertheless, they withstood adjustment for a range of possible confounders. For example, one very parsimonious explanation for the direction of relationship observed in the present study is Post-print, not final published version. Cite this article as: Carroll, D., that participants registering high HADS depression scores were relatively de-motivated and simply engaged less with the stress task. This would be reflected in a poorer performance score. However, although both depression, r(1606) = -.11, p <.001, and anxiety, r(1605) = -.09, p <.001, scores correlated negatively with PASAT performance, adjustment for performance did not attenuate the association between depression and cardiovascular reactivity. Further, in analyses in which those with very low (<15)
PASAT scores were eliminated, the associations between depression and reactivity remained. In contrast, the negative association between HADS anxiety scores and HR reactivity was reduced to marginal statistical significance following adjustment for potential confounders, including anxiolytic medication.
The direction of the relationship between depressive symptomatology and cardiovascular reactivity was contrary to expectations based on the reactivity hypothesis and previous research. However, few studies have directly or even indirectly addressed this particular issue. Those that have generally suffered from low power (N < 100), which can increase the likelihood of committing type 1 as well as type 11 errors (Oakes, 1987) . In addition, few previous studies adjusted for or were able to adjust for potential confounders.
Importantly, closer inspection reveals that most of these small scale previous studies yielded statistically null results; indeed, as indicated, the aggregate effect sizes calculated from 11 previous studies of depression and SBP, DBP, and HR reactivity were nonsignificant (Kibler & Ma, 2004) . It would appear that a hypothesis can be so intrinsically compelling that it transcends the need for a strong and consistent evidential base. The two studies which provide at least indicative evidence of an association between depression and reactivity were conducted on coronary artery disease patients (Sheffield, Krittayaphong, Cascio, Light, Golden, Finkel, Glekas, Koch, & Sheps, 1998; Thornton & Hallas, 1999) . However, in one of these studies (Sheffield, Krittayaphong, Cascio, Light, Golden, Finkel, Glekas, Koch, & Sheps, 1998) , those in the low depression half of the sample of 41 patients were more likely to be taking beta-blockers, which can attenuate cardiac reactions to acute psychological stress exposures (Winzer, Ring, Carroll, Willemsen, Drayson, & Kendall, 1999) . In the present study, we additionally adjusted Post-print, not final published version. Cite this article as: Carroll, D., . Symptoms of depression and cardiovascular reactions to acute psychological stress: Evidence from a population study. Biological Psychology, 75, 68-74. http://dx.doi.org/10.1016 /j.biopsycho.2006 for antihypertensive medication status. In the other study (Thorton & Hallas, 1999) , positive relationships between HADS depression and anxiety and cardiovascular reactivity emerged for the 30 myocardial infarction patients tested with self-initiated reactivity during ambulatory recording but not during laboratory testing with standard stress tasks. It is also possible that the associates of risk vary between the largely healthy community samples and groups of patients with confirmed disease (Bennett & Carroll, 1990) . It is worth noting that high levels of depressive and related symptomatology are particularly prevalent in those with established coronary heart disease (Lane, Carroll, Ring, Beevers, & Lip, 2002) .
The present study suffers from a number of limitations. First, it was cross-sectional and, accordingly, causality is impossible to determine. Since affective disposition was assessed prior to stress testing, it is difficult to see how it might be influenced by reactivity rather than vice versa. Nevertheless, some unanalyzed confounding variable might drive the relationship observed. However, as indicated, the association between depression and SBP and HR reactivity survived adjustment for the most obvious candidates. Second, as also indicated, the effect sizes were small. This, though, was our a priori expectation based on previous research and reinforces the value of large samples were examining some of the more subtle correlates of cardiovascular reactivity. Third, although performance on the stress task seems a reasonable proxy for task engagement, in hindsight it would have been useful to have self-report measures of task impact. Fourth, it is difficult to discern from the present data whether these associations concern contemporary dysphoria or more chronic depressive disposition. However, the relationships between depression and reactivity were also evident in analyses comparing those above and below the usual HADS cut-off for likely caseness. This suggests that the present associations cannot be wholly attributed to variations in transient dysphoria.
Finally, only blood pressure and HR were measured. Although, it would have been useful to have a more comprehensive assessment of haemodynamics of the sort afforded by impedance cardiography, the large sample and the decision to test participants in their Post-print, not final published version. Cite this article as: Carroll, D., This is the first population study we know of to examine the relationship between symptoms of depression and cardiovascular reactions to acute psychological stress.
Depressive symptomatology was related to SBP and HR reactivity, and relationships were still evident following adjustment for possible confounders such as sex, age, occupational status, resting cardiovascular activity, task performance, and antidepressant and antihypertensive medication. However, the direction of these associations was opposite to that which would be expected if depression and excessive reactivity shared common antecedents or if excessive reactivity were to mediate the association between depression and cardiovascular disease outcomes. In conclusion, it would appear that as putative risk factors for cardiovascular disease, high levels of depressive symptomatology and exaggerated cardiovascular reactions to stress may operate independently of one another. 
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